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Abstract 
This study is focused on the water-gas shift reaction (WGSR), occurring in the chemical kinetics equipment, which is used 
to increase hydrogen recovery from industrial processes. The research deals with comparing hydrogen recovery with the 
use of three different catalysts. The amount of the produced hydrogen depends considerably on the reaction state and the 
catalyst composition. To improve the course of the reaction, natural catalysts – calcite, coal char (unburned residues from 
coal) and modified olivine – are added to the gasification process and heated to the process temperature of 800, 850 and 
900°C. 
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1. Introduction 
The consumer way of life and increasing standard of living requires more and more sources of energy. The 
energy consumption is growing, while the amount of the existing fossil fuels is decreasing, therefore it is 
necessary to search for efficient power equipment and ecological energy sources as an alternative for fossil 
fuels. [1],[2] With respect to wide application and on the basis of environmental aspects, it is the hydrogen 
that seems to be a suitable source of pure energy used e.g. for the production of electric power and heat in 
rocketry, as a reducing agent in chemical syntheses and in metallurgy, transport and power equipment. [3],[4] 
Hydrogen can be produces in many ways from a wide range of feedstock. At present, 96 % of hydrogen is 
produced by conversion of fossil fuels [5],[6],[7], mainly by steam reforming of natural gas, as shown by the 
Eq. 1, which occurs at temperatures ranging from 1,200 to 1,400°C. The catalyst reforming is carried out at 
temperatures ranging from 700 to 900°C in the presence of the catalysts consisting of nickel + magnesium 
oxide. [8],[9],[10],[11] 
22 yHCOOHHC yx o                                                        (1) 
Hydrogen can also be obtained by partial oxidation of heavy carbon residues (Eq. 2), which occurrs at 
normal pressure at temperatures around 1,300°C. The catalyst partial oxidation is carried out at the pressure 
between 6 to 8 MPa and at the temperature ranging from 700 to 1,000°C at the presence of the catalyst nickel, 
cobalt or magnesium. [10],[11] 
22 22 yHnCOnOHC yx o                                                       (2) 
Another way of production is the conversion of water gas acquired during coal gasification, which is 
carried out by water steam at temperatures ranging from 400 to 500°C (Eq. 3), and is referred to as WGS 
reaction. This reaction plays an important part in the area of increasing hydrogen recovery. It is the case of 
slightly exothermic reversible reaction moving to the left at lower temperatures, thus supporting formation of 
oxygen and carbon dioxide. On the contrary, at higher temperatures, the balance of this reaction moves to the 
left, which results in limiting the total conversion with the change of Gibbs energy. [11],[12],[13]   
222 COHOHCO l                                                             (3) 
As some studies show, acquiring hydrogen from biomass and enzymatic processes becomes more and 
more important. Using renewable sources of energy, e.g. from biomass as the feedstock for the production of 
oxygen, should eliminate the environmental problems. [14] Demirbas wrote that hydrogen will play an 
important role in a future energy economy mainly as a storage and transportation medium for renewable 
energy sources. Renewable shares of 69% on the total energy demand will lead to hydrogen shares of 34% in 
2050. [15] 
2. The Description of Measurement and Experiments 
Hydrogen recovery was monitored in the equipment for measuring chemical kinetics. (Fig. 1). The 
experiment was carried out for three types of catalysts: calcite, coal char (unburned residues from coal) and 
modified olivine, which are present in the gasification process. In industrial and pilot equipment, calcined 
olivine is used as a catalyst [8],[16], because it shows significant lowering of contents of tars and lowering 
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power consumption in the gasification compared to silica sand. For the purpose of monitoring hydrogen 
recovery, olivine was used in a gasification reactor by means of WGS reaction, where this conversion was 
monitored. The catalysts used were heated in a glass reactor by means of heating mantles to the temperatures 
of 800, 850 and 900 °C. The individual tests lasted 30minutes each. After each experiment it was found out 
how the selected catalyst influences hydrogen recovery. 
 
Fig. 1. Measurement equipment diagram 
For reference purposes, measurement of empty reactor was carried out under the same operating conditions. 
To compare the influence of catalysts on hydrogen recovery, the same volume flow rate of input gasses that 
were stoichiometrically injected to the reactor was set for all the experiments: CO = 30 l.s-1, H2O = 24 l.s-1, N2 
= 30 l.s-1. 
At the output from the chemical kinetics equipment, the volume gas flow as well as the change of 
hydrogen production was measured by the analyser Rosemount NGA 2000. On the basis of the values 
acquired from the measurement, chemical balance WGSR was determined.   
After all the experiments that were carried out, hydrogen recovery and the remaining gasses present were 
compared. To find out the best gas conversion using the given catalyst, the calculation of the equilibrium 
constant Kc (Eq. 4), which is used to check input gasses with respect to the chemical reaction in practice, was 
made. [17] Further, the calculation of logarithm distance from Kc (Eq. 5) was made. [18] The results are stated 
in Table 1.    
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3. Results and discussion 
       
 
Fig. 2. The development of hydrogen in time for the studies catalysts at t=800, 850 and 900°C 
 
Fig. 3. Average percentage representation of hydrogen for the studied catalysts at t=800, 850 and 900°C 
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If we compare the above mentioned figures n. 1-4, it is clear that the best conversion of gas occurred when 
the catalyst calcite was used, when for all the monitored temperature ranges of 800°C, 850°C and 900°C, 
around 22 % of H2 develops on average. Interesting phenomenon was monitored when modified olivine was 
applied (it is the olivine that went through gasification process in fluid equipment), when H2 revenue increase 
was directly proportional to the increasing temperature, namely from 14% to 20%. We must point out here 
that the process was influenced by the process duration and as the time of reaction persistence increased, H2 
revenue decreased. The time of the course of the reaction is also connected with testing the catalyst unburned 
residues from coal, where the opposite trend is monitored compared to the modified olivine, namely the fact 
that the longer process time and increasing temperature results in increasing H2 residue.     
The best result of the WGS reaction was achieved from unburned residues from coal at the temperature of 
850°C, as can be seen from Table 1, showing the calculation of equilibrium constant Kc and finding out 
logarithm distance from Kc, or the ability of reaction conversion either towards the reactants or the products 
when the partial pressure of the product is related to the equilibrium constant.   
If pįeq < 0, then the real status of the waste gasses is still on the side of the reactants, if pįeq > 0, then the 
real status of the waste gas is on the side of the products. If pįeq = 0, the equilibrium gas composition must be 
fulfilled. 
Table 1 Equilibrium constant Kc, calculated and logarithmic distance to equilibrium Kc 
 CO+H2O ļ CO2+H2 
Process temperature 800°C 850°C 900°C 
 Kc pįeq Kc pįeq Kc pįeq 
Rector without the catalyst 0,0003 -3,5545 0,0007 -3,0861 0,0009 -2,9546
Limestone  1,4759 0,1440 0,8796 -0,0074 0,5360 -0,1563
Coal char 0,0450 -1,3714 0,9352 0,0192 0,6532 -0,0705
Modified olivine 1,6247 0,1857 0,5510 -0,2105 1,0377 0,1306 
Literary data [13] 1,0594  0,8947  0,7682  
4. Conclusions 
The essence of this research was verification of three types of catalysts in chemical kinetics equipment 
aiming at increasing of hydrogen revenue by means of WGSR and determination of this reaction conversion.  
The acquired experimental results showed that within the whole studied temperature range, calcite has the 
best influence on hydrogen revenue. The best conversion of the reactants into the product was proved with 
modified olivine at the temperatures of 800 and 900°C, which is also clear from the hydrogen revenue results. 
The best WGS reaction result was achieved with the unburned residues from coal at the temperature of 850°C.  
Conclusions can be drawn from the total comparison of the results that the catalyst activity of the catalysts 
used by means of WGS reaction for the purpose of acquiring H2 has its justification and future, however, 
further research is necessary.  
If hydrogen was produced without CO2 emissions and other greenhouse gasses, it could create a basis for 
really sustainable system.  
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